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(57) ABSTRACT

A door assembly for an automotive vehicle that reduces or
eliminates thoracic or rib deflection in a side impact event is
disclosed. The door assembly of the disclosed invention
includes an inner door structure, an interior trim panel
attached to the door structure and a shut face. The inner
surface of the shut face includes a collapsible surface having
a plurality of alternating raised areas and recessed areas
formed thereon. The raised areas and recessed areas extend
between one side of the door assembly and the other side of
the door assembly. The shut face may be composed of beads,
a foamed polymer or a solid polymer. In addition, the engi-
neered surface may also be formed on the inner side of the
face of one of the pillars. This configuration may be used in
conjunction with a door shut face having an engineered sur-
face or may be used independently.

17 Claims, 7 Drawing Sheets
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1
VEHICLE DOOR TRIM PANEL SHUT FACE
FEATURE TO REDUCE DEFLECTION

TECHNICAL FIELD

The disclosed invention relates generally to door trim pan-
els for vehicles. More particularly, the disclosed invention
relates to an engineered surface of the shut face of the door
trim panel of a vehicle to reduce thoracic or rib deflection in
a side impact event. The engineered surface may also be
formed in relation to the face of one of the vehicle pillars.

BACKGROUND OF THE INVENTION

Side impact events involving automotive vehicles typically
include the imposition of dynamic loading to the vehicle and
to the vehicle occupants. The side impact event imposes
severe loading on the structural members of the body. The
side impact event also may result in displacement of the
thoracic region of an occupant, including the thoracic verte-
brae and the associated ribs. During a side impact event there
is aneed to be at or below a stipulated thorax displacement for
a given a load.

Vehicle doors are typically constructed with two or more
panels attached to the door frame, an exterior or outer panel
for shielding the passenger compartment from the elements,
and an inner door panel that provides structural support. A
trim panel is usually fastened to the inner door panel facing
the passenger compartment and shields the vehicle occupants
from internal door components, such as the window, the
window regulator and the door locks. The trim panel can also
provide aesthetic qualities to the interior passenger compart-
ment as well as ergonomic features, for example, easily
accessible door handles, mirror and window controls, and the
like. Adjacent the trim panel is the vehicle door shut face.
When the vehicle door is in its closed position, the shut face
is not visible.

Because it is known that vehicles may collide with
obstacles during operation efforts have been made with vary-
ing degrees of success to reduce the displacement of the
thoracic region of the occupant. Automotive vehicles have
been provided with various structural upgrades and restraint
systems to lessen the effects of a collision type impact on an
occupant compartment of the vehicle. Particularly, to lessen
the effects of a side collision type impact of the vehicle
occupant seating area, some vehicle door constructions may
include a door intrusion guard beam, side bolsters of foam or
honeycomb construction, or other body side structural
upgrades. While such structural upgrades provide certain
advantages, they are often relatively expensive and weighty.
In addition, many of the known designs are effective in the
instance of lateral intrusion but are not as effective in the
instance of longitudinal intrusion.

Accordingly, as in so many areas of vehicle technology,
there is room in the art of vehicle door design for an alterna-
tive configuration to known door structures which provides
effective protection and minimal displacement of an occu-
pant’s thoracic region while maintaining relatively low
manufacturing and assembly costs.

SUMMARY OF THE INVENTION

The disclosed invention provides a door assembly for an
automotive vehicle that overcomes many of the deficiencies
of known designs. Particularly, the door assembly of the
disclosed invention includes an inner door structure, an inte-
rior trim panel attached to the door structure and a shut face.
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The shut face includes a collapsible inner surface having a
plurality of alternating raised areas and recessed or weakened
areas formed thereon. The raised and recessed areas may be of
a variety of shapes. The door assembly has a top, a bottom, a
first side and a second side. The raised and recessed areas have
widths. The widths of some of the areas may be greater than
the widths of other areas. The raised areas and recessed areas
extend between one side of the door assembly and the other
side of the door assembly. Thus configured the door assembly
is tuned to enable a controlled collapse.

The shut face may be integral with the interior trim panel.
The shut face may be formed from a partially or entirely
hollow shell that is filled with individual elements such as
beads. The beads are preferably but not exclusively formed
from a polymerized material. Alternatively, the shut face may
be composed of a polymer such as a foamed polymer. In such
case the shut face may either be molded to include the raised
areas and recessed areas or the recessed areas may be cut from
a block.

In addition, the engineered surface may also be formed on
the inner side of the face of one of the pillars. This configu-
ration may be made in conjunction with a door shut face
having an engineered surface or may be used independently.

While exemplary embodiments in accordance with the
invention are illustrated and disclosed, such disclosure should
not be construed to limit the claims. It is anticipated that
various modifications and alternative designs may be made
without departing from the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of this invention, ref-
erence should now be made to the embodiments illustrated in
greater detail in the accompanying drawings and described
below by way of examples of the invention wherein:

FIG. 1 is a perspective, partial view of a door assembly
having the stepped shut face of the disclosed invention;

FIG. 2 is an elevated view looking vehicle-forward illus-
trating an end-on view of the stepped shut face of the door
assembly of the disclosed invention and an adjacent vehicle
occupant,

FIG. 3 is a perspective view of the door assembly of the
disclosed invention and the adjacent vehicle occupant;

FIG. 4A is a sectional view of the stepped shut face of the
disclosed invention taken along line 4A-4A of FIG. 3;

FIG. 4B is a sectional view of an alternate embodiment of
the shut face of the disclosed invention taken along line
4B-4B of FIG. 3;

FIG. 4C is a sectional view of an additional alternate
embodiment of the shut face of the disclosed invention taken
along the line of 4C-4C of FIG. 3;

FIG. 5 is a plan view of various shapes of alternative
designs of raised areas according to various embodiments of
the disclosed invention;

FIG. 6 is a perspective, partial view of the B-pillar and its
associated body segment having the stepped face of the dis-
closed invention; and

FIG. 7 is a graph illustrating a comparison of displacement
vs. force between the known art and the disclosed invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the following figures, the same reference numerals will
be used to refer to the same components. In the following
description, various operating parameters and components
are described for different constructed embodiments. These
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specific parameters and components are included as
examples and are not meant to be limiting.

With respect to FIGS. 1, 2 and 3, a vehicle door assembly
of'the disclosed invention is generally illustrated as 10. It is to
be understood that the configuration of the door assembly 10
is only suggestive and is not intended as being limiting. The
vehicle door assembly 10 may be the front door, the middle
door, or a sliding door of a vehicle and, in fact, have any
application where a seated occupant, illustrated as O in
FIGS. 2 and 3, is adjacent the door.

The vehicle door assembly 10 includes an inner door struc-
ture 12 (best seen in FIG. 2) and a trim panel 14 attached
thereto. An outer panel (not shown) is typically attached to the
inner door structure 12. The inner door structure 12 is con-
ventionally formed from a metal such as steel or aluminum, or
alternatively may be formed from a polymerized material,
such as a hard plastic or fiberglass. The scope of the disclosed
invention is not limited by the type of material forming the
inner door structure 12 nor is it limited by the shape of the
outer skin 12.

The trim panel 14 typically includes a door handle 16 and
a door bolster 18. The door handle 16 ordinarily includes
associated pull cup 20. The door handle 16 and the bolster 18
may be of any of several designs that are known in the art. The
doorhandle 16 and the bolster 18 may be molded as part of the
trim panel 14 or may be formed separately and attached
thereto.

The trim panel 14 further includes a shut face 22 preferably
but not absolutely formed as part thereof. The shut face 22
includes an outer surface 23. The shut face 22 may be formed
as part of the trim panel 14 of the disclosed invention and may
be configured or tuned to control the collapse load in combi-
nation with the inner door structure 12.

According to the disclosed invention, the collapse load is
also a function of the material of the inner door trim panel 14
and the thickness of the shut face 22. The disclosed invention
sets forth a construction that enables the collapse of the inner
door trim panel 14 at specified loads.

Particularly, the shut face 22 includes an outer surface 23
and inward-facing engineered surface 24 having a stepped
configuration defined by a series of raised and recessed areas.
As illustrated in FIGS. 1, 2 and 3, the engineered surface 24
may be formed along a portion of the inner side of the shut
face 22. In the illustrated arrangement the engineered surface
24 is formed on the upper half of the inner side of the shut face
22, although it could be longer or shorter. In addition, while
the engineered surface 24 is shown is a single, continuous
region it is to be understood that it may be divided into two or
more regions. Furthermore, while the engineered surface 24
is shown as being formed from edge to edge it is possible that
it could be narrower.

FIGS. 4A,4B, and 4C are taken along lines 4A-4A, 4B-4B,
and 4C-4C of FIG. 3 and illustrate the engineered surface 24
in cross section according to three embodiments with each
embodiment having the same outer profile but being directed
to a different composition.

The shut face 22 of FIG. 4A, the shut face 22' of F1G. 4B,
and the shut face 22" of FIG. 4C each includes a series of
alternating raised and recessed areas formed on the inner
sides of the shut faces. The number and configuration of the
raised and recessed areas represented in these figures is illus-
trative only and is not intended as being limiting.

As shown in FIGS. 4A and 4B, the engineered surface 24
includes raised areas 26, 26', 26", and 26" and interspaced
recessed areas 28, 28' and 28". The width, depth, and spacing
of'the raised and recessed areas may be varied according to a
particular application and with a target displacement in mind.

10

15

20

25

30

35

40

45

50

55

60

65

4

For example, the depth of the recessed area may be right up to
the outer surface 23 as illustrated by recessed areas 29 in
FIGS. 4A and 4B. As a further example of how the width,
depth, and spacing of the raised and recessed areas may be
varied, thicker raised areas may be employed, such as the
added thickness 30 formed on the raised area 26" of the shut
face 22 of FIG. 4A or the added thickness 32 formed on the
raised area 26' of the shut face 22' of FIG. 4B.

As shown in FIG. 4C, a plurality of recessed areas 42, 42'
and 42" having curved surfaces are formed in the inner side of
the shut face 22". The width, depth, and spacing of the raised
and recessed areas may be varied according to a particular
application and with a target displacement in mind.

The shut faces of the disclosed invention may be composed
of'a wide variety of materials and two possible materials are
illustrated in FIGS. 4A, 4B and 4C. The suggested materials
are not intended as being limiting but are intended rather as
being suggestive.

With respect to the shut face 22 illustrated in FIG. 4 A, this
embodiment is composed of a partially or entirely hollow
shell that includes a plurality of beads 34 preferably formed
from a polymerized material. The beads 34 are added or
removed from the outer shell of the shut face 22. The orien-
tation, the dimension and the shape of the beads 34 may be
varied such that the overall design gives the collapse load
targeted. The beads 34 artificially increase or decrease the
wall thickness of the shut face 22. Thus the wall thickness
over length is stepped as opposed to smooth variation.

Alternatively, and with respect to FIG. 4B, the shut face 22'
may be formed from a foamed polymer 36. A variety of such
polymers may be employed as is known in the art. The shut
face 22' shown in FIG. 4B may be molded with the illustrated
raised areas 26, 26', 26", and 26" and interspaced recessed
areas 28, 28' and 28" or may acquire the stepped configuration
by the shut face 22' being formed with the highest raised area
followed by scouring, sculpting or removal in some other
manner of the excess wall.

The shut face 22' may be formed from molding in a die
having the raised and recessed arecas formed therein or may be
formed from a solid block with the recessed areas cut there-
from.

As a further variation the shut face 22" is formed from a
solid, non-foamed polymer. A variety of such polymers may
be employed as is known in the art.

FIG. 5 illustrates a plan view of the inner side of a shut face
22" according to the disclosed invention. As noted above, the
raised portions of the inner surface may have a variety of
shapes beyond the substantially square or rectangular con-
figurations shown in FIGS. 1 through 3. Such alternative
shapes may be, for example, triangular as shown as raised
areas 44 and 44' of FIG. 5 or may be circular or curvilinear as
shown as raised areas 46 and 46'. The illustrated shapes are
intended as being suggestive and non-limiting.

The engineered surface of the disclosed invention and the
benefits derived from such a construction are not limited to
the door shut face as set forth above. In addition to finding
application in the door shut face, the engineered surface may
also be incorporated into the face of the B-pillar or the C-pil-
lar. FIG. 6 illustrates a vehicle body segment 50 adjacent to a
body pillar, such as a B-pillar 52. Itis to be understood that the
body segment 50 and the associated pillar 52 are not intended
to be limiting but instead are intended as being merely sug-
gestive as other body segment and pillar configurations are
possible.

The B-pillar 52 includes a pillar face 54. The pillar face 54
is preferably but not absolutely formed as part of the B-pillar
52. The pillar face 54 includes an outer surface 56. The pillar
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face 54 may be formed as part of the B-pillar 52 and may be
configured or tuned to control the collapse load. The collapse
load is a function of the thickness and engineering of the
B-pillar face 22.

The B-pillar face 54 includes an outer surface 56 and
inward-facing engineered surface 58 having a stepped con-
figuration defined by a series of raised areas 60 and recessed
areas 62. The engineered surface 58 may be formed along a
portion of the inner side of the B-pillar face 54. In FIG. 6 the
engineered surface 58 is formed on the lower portion of the
inner side of the B-pillar face 54. While illustrated as a single,
continuous region it is to be understood that the engineered
surface 58 may be divided into two or more regions. Further-
more, while the engineered surface 58 is shown as being
formed from edge to edge it is possible that it could be
narrower.

As with the embodiment of the door shut face shown in
FIGS. 1 through 3 and as discussed in relation thereto, the
raised areas 60 and recessed areas 62 of the engineered sur-
face 58 may be of a variety of configurations, including those
illustrated in FIGS. 4A-4C and discussed in relation thereto.

The engineered surface formed on the inner surface of the
door shut face and the engineered surface formed on the inner
side of the face of the vehicle pillar may be used indepen-
dently or may be used in combination.

The disclosed invention overcomes the problems associ-
ated with known vehicle door assembly designs in which
deflection is often uncontrolled or is poorly controlled given
the stiffness or other inadequacies of known shut face
designs. As noted above, the engineered surfaces 24 and 58
may be configured or tuned in combination with their asso-
ciated structures 12 to collapse at a specific load. The engi-
neered surfaces 24 and 58 may be introduced into production
with relative ease and the stipulated thorax displacement at a
given load can thus be readily satisfied. The engineered sur-
faces 24 and 58 also avoid the problems of warping and other
craftsmanship concerns that are known to challenge current
designs.

The disclosed invention overcomes many of the displace-
ment problems frequently associated with known vehicle
door assembly designs. As evidence of the improvement rep-
resented by the disclosed design, FIG. 7 illustrates the results
of comparative side impact testing between a vehicle door
assembly with the engineered surface 24 of the shut face 22 of
the disclosed invention and a vehicle door assembly without
the engineered surface 24 of the shut face 22.

In the graph of FIG. 7 force is set forth on the y-axis while
displacement (in mm) is set forth on the x-axis. The dashed
line represents trim reaction force vs. displacement when a
vehicle door assembly is impacted without having the benefit
of the engineered surface 14 of the shut face 22 according to
the disclosed invention while the upper horizontal straight
line is the average collapse force according to this prior art
arrangement. The solid line represents trim reaction force vs.
displacement with the benefit of the engineered surface 14 of
the shut face 22 according to the disclosed invention while the
lower horizontal straight line is the average collapse force
according to the disclosed invention. It is clear from these
results that the input force to the test dummy is significantly
lower when the engineered surface 14 of the shut face 22 is in
use.

Accordingly, it can be understood that the disclosed inven-
tion offers several advantages over known vehicle door
assemblies in the reduction of thoracic displacement of an
occupant. The inner door trim panel 14 and its associated shut
face 22 demonstrate repeatability in terms of the degree of
collapse when subject to a specific load. Thus the arrange-
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ment of the disclosed invention offers predictability of tho-
racic displacement in the event of a side impact. Furthermore,
the arrangement of the disclosed invention reduces or elimi-
nates warping of the shut face in the event of a side impact. In
addition, the arrangement of the disclosed invention may be
easily adapted to existing inner door structures without the
need for extensive modification. Finally, the arrangement of
the disclosed invention is relatively inexpensive to manufac-
ture and install.

The foregoing discussion discloses and describes exem-
plary embodiments of the present invention. One skilled in
the art will readily recognize from such discussion, and from
the accompanying drawings and claims that various changes,
modifications and variations can be made therein without
departing from the true spirit and fair scope of the invention as
defined by the following claims.

What is claimed is:

1. A door assembly for a vehicle, the assembly having a
front end and a back end, the assembly comprising:

an inner door structure;

an interior trim panel attached to said door structure; and

a shut face, said shut face including an external, outer

surface and an internal, engineered surface, said engi-
neered surface having a plurality of alternating raised
areas having surfaces and recessed areas having sur-
faces, said raised areas extending from said outer surface
toward the front end of the assembly, each of said raised
area having a height, the height of at least one raised area
being greater than the heights of other raised areas.

2. The door assembly of claim 1 wherein said inner door
structure has a vehicle outward side and a vehicle inward side
and wherein said recessed areas are defined generally perpen-
dicularly between said vehicle outward side and said vehicle
inward side of said inner door structure.

3. The door assembly of claim 1 wherein said shut face is
composed of beads.

4. The door assembly of claim 1 wherein said shut face is
composed of a foamed polymer.

5. The door assembly of claim 1 wherein said shut face is
integral with said interior trim panel.

6. The door assembly of claim 1 wherein said shut face is
composed of a solid polymerized material from which said
recessed areas are cut.

7. The door assembly of claim 1 wherein said shut face is
molded.

8. A door assembly for a vehicle, the assembly having a top
and a bottom, a first side, a second side and an inside, the
assembly comprising:

an inner door structure;

an outer skin; and

a shut face, said shut face including an outer surface and a

collapsible surface, said collapsible surface having a
plurality of raised areas and recessed areas, said recessed
areas extending toward the inside of the door from said
outer surface, said raised areas having heights, the height
of at least one raised area being greater than the heights
of other raised areas.

9. The door assembly of claim 8 wherein said shut face is
composed of beads.

10. The door assembly of claim 8 wherein said shut face is
composed of a foamed polymer.

11. The door assembly of claim 8 wherein said shut face is
composed of a solid polymerized material from which said
recessed areas are cut.

12. The door assembly of claim 8 further including an
interior trim panel and wherein said shut face is integral with
said interior trim panel.
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13. A construction for a vehicle comprising:

a door having an inside, said door further having a top and
bottom defining a height therebetween;

a pillar having an inside, said pillar being associated with
said door, said pillar having a top and bottom defininga 5
height therebetween;

aface formed on at least one of said door or said pillar, said
face having an outer surface, said surface having an
irregular contour defined by raised areas and recessed
areas, said recessed areas being perpendicular to said 10
heights, said raised areas having heights, the height of at
least one raised area being greater than the heights of
other raised areas, said raised areas being connected to
said face and extending toward said inside of said door
from said outer surface when formed on said door or 15
extending toward said inside of said pillar from said
outer surface when formed on said pillar.

14. The construction for a vehicle of claim 13 wherein said
face has an vehicle outward side and a vehicle inward side and
wherein said recessed areas are defined generally perpendicu- 20
larly between said vehicle outward side and said vehicle
inward side of said face.

15. The construction for a vehicle of claim 13 wherein said
face is composed of beads.

16. The construction for a vehicle of claim 13 wherein said 25
face is composed of a foamed polymer.

17. The construction for a vehicle of claim 13 wherein said
face is integral with said structure.
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